Abstract. The adsorption properties of mesoporous chelate containing sorbents which were prepared in two phases with europium and copper acetylacetonate complexes and PEG-115 as surfactant, were evaluated by column experiments.The adsorption properties of mesoporous silica with chelate complexes for some organic compounds were evaluated by gas chromatography. The best separation was achieved for europium acetylacetonate. From specific retention volumes measured at various temperatures the thermodynamic parameters of separation is discussed. Mutual separation of oxygen containing substances could also be demonstrated.
Introduction
Mesoporous silica prepared by the use of surfactant as a molecular template has been the subject of much interest. Many papers have reported on the synthesis, characterization, stability, and application of these materials [1, 2] . The nanostructures of the mesoporous silica are mainly classified into three types: hexagonal arrays of mesopores, three-dimensional interconnected mesopores, and lamellar nanostructures. The synthesis and application of these materials have been investigated because of their characteristics such as large specific surface area, large pore volume, and uniformity of mesopore size, which is easily controllable.
Mesoporous sorbents are used in various fields of chemical researches as chromatographic material [3] , gas sensing [4] and catalytically active materials [5] . Among the vast number of technologies and methods being used for the synthesis of surface layers (vacuum-thermal, electrochemical, catalytic combustion, plasma-chemical), the most effective is the sol-gel technology [6] . The major advantage of this technology is significantly reduced cost of equipment and production, and an ability to control the composition, morphology and surface topography of oxide films. Use of metals complexes containing organic ligand additives allows to obtain nanoporous structure consisting of interconnected nanoparticles. Such material possesses enhanced gas sensitivity and chromatographic materials [7, 8] . The current literature provides a wealth of information concerning mesoporous sorbents preparation by sol-gel method, including the usage of complex compounds solutions.
Silica nanoparticles and nanostructures provide unprecedented material platforms to accomplish many nanoscale functions [9, 10] . Many of the advances in silica sorbents are based on its stability, dielectric properties, hydrophilicity, and opportunities for introducing multiple functionalities. However, detailed properties of mesoporous silica materials of ∼1 nm are not clear because of the difficulty of precision control of the silica growth in this region.
The aim of this work was to create new mesoporous sorption materials based on tetraethoxysilane (TES) and obtained with surfactants (SASes), to investigate the structural and chromatographic properties of such sorbents, and to determine the retention characteristics of test substances.
Experimental
A layer of mesoporous silica was synthesized on the surface of a Chromatone N_AW diatomite support (0.20-0.25 mm). Synthesis was performed at room temperature via the reaction of hydrolysis of TES in a mixed water-ethanol solvent with polyethylene glycol (PEG 115) used as a template. SASes were dissolved in ethanol; water and solutions of TES and HCl were then added in various quantities to the obtained homogenous solution. The reaction mixture was applied to the Chromatone N_AW and dried using a rotary evaporator at 60°C. It was then calcinated in a muffle furnace at temperatures of 25°С to 600°С for 6 h with a heating rate 1.5 K/min. The sorbents obtained in this fashion were further modified by applying acetylacetonates of metals Ме(acac)n from solution with the gradual evaporation of the volatile solvent (CHCl 3 ) at room temperature, ensuring a sufficiently homogeneous coating of the sorbent's surface.
The morphology of the surface was studied using a Hitachi TM_3000 scanning electron microscope. Our chromatographic investigations were performed using a Chrom-5 gas chromatograph equipped with a flame ionization detector. Packed glass columns 1.2 m × 3 mm were used in our work.
IR spectra of sorbents dried at 60°С were obtained with Nicolet 6700 FTIR spectrometer in a range of 500 -4000 cm -1 and with IRS-29 spectrophotometer in a range of 400 -2000 cm -1 . UVvis spectra in the range 220-340 nm were recorded using SP-20 spectrophotometer. The morphology of the materials was studied using Carl Zeiss NVision 40 and JSM-6460 scanning electron microscopes
Results and discussion
Our microscopic investigations demonstrated that silica gel consists of irregular_shaped particles on whose surface are inhomogeneities in the form of bulges and various cracks and cavities. In modifying a surface with europium acetylacetonate, particles of the initial sorbent are evenly covered by crystals of Eu(acac) 3 (Fig. 1,2) . Complexes of Cu(acac) 2 on the surface of silica gel are arranged in the form of island structures.
We established that the chelate complexes of copper had a planar configuration of the cycles with a coordination number of 4, and each molecule of acetylacetone took two coordination places in the coordination sphere of the metal. The coordination sphere thus appeared to be completely saturated, and a chemically inert and energetically neutral molecule is formed, in which the ion of metal is enclosed in a kind of organic case. The chromatographic properties of sorbents with europium and copper acetylacetonate complexes were investigated as stationary phases for separation of polar substances without formation of tailing peaks. Results show that the interaction is stronger in the case of layer with europium acetylacetonate (Table 1) . It is influence of structure of bonded layer on the silica surface. The increase in the retention of butanone-2 and nitromethane was connected with absorption in the unmodified surface.
The effect of absorption of organic molecules is caused of the ability of metals acetylacetonate complexes to include the molecules of substances into coordination sphere. Absence of this effect for non-polar n-decane and large value of indices interaction for ethanol and pyridine was confirmation.
They thus can specifically retain molecules with an excess of electron density, the atoms of which contain lone pair electrons or are prone to π-complex formation. The differential molar free energies of dissolution increase substantially for the sorbent modified with acetylacetonate of copper with respect to ethanol and nitromethane, relative to the initial silica gel. We may assume that the methyl groups of acetylacetone do not hinder these interactions, and it is energetically favorable if they are arranged in the trans position to the plane of the ring.
In all cases, alkane is always eluted first in comparison with corresponding alkene and alkyne (Fig. 3) . The retention increases in range alkane < linear alkene < branched alkene < alkyne < aromatic compounds. Branched hydrocarbons have the increase in electron density of the unsaturated bond as a result of induction effect. An aromatic system gives more opportunities for donor-acceptor interaction. Thus, despite of blocking action of CH 3 groups decrease of specific interaction with -electrons of the system play the main role. 
Conclusions
New mesoporous silica gels for gas chromatography were synthesized. Modification with chelate containing complexes changes the structure and properties of the initial sorbents. Our investigation of the possibility of using the obtained silica gel based sorbents allows us to recommend these materials for the gas chromatographic separation of the light olefins, aromatic and saturated hydrocarbons С1-С12, alcohols, aldehydes, ketones, and other oxygen containing organic compounds.
